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(57) ABSTRACT

An energy saving automatic air conditioning control system
and an energy saving automatic air conditioning control
method enable consumption of a fuel or a battery (referred
to as energy) to be minimized and a possible travel distance
to be improved by processing data including road environ-
ment information such as road loss information, imncluding
altitude and tratlic information, vehicle information such as
a current acceleration/deceleration of a vehicle, and driver
tendency information for manipulation of an air conditioner
such as control of an air conditioming temperature and
stages, automatically determining an air conditioning con-
trol time point, and displaying the determined automatic
mampulation and control form on a map path of a navigation
system.
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ENERGY SAVING AUTOMATIC AIR
CONDITIONING CONTROL SYSTEM AND
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the
benefit of Korean Patent Application No. 10-2013-0163625,
filed on Dec. 26, 2013, the entire contents of which are
incorporated herein by reference.

BACKGROUND

(a) Technical Field

The present invention relates to an energy saving auto-
matic air conditioning control system and an energy saving,
automatic air conditioning method, and more particularly to
an energy saving automatic air conditioning control system
and an energy saving automatic air conditioning method by
which use of a fuel and a battery can be minimized by
automatically controlling an air conditioner, a blow level,
and individual air conditioning according to a navigation
travel path when a vehicle 1s driven.

(b) Description of the Related Art

In general, it 1s known that fuel consumption of an
internal combustion engine increases as an air conditioner 1s
operated and a battery consumption ol an environment-
friendly vehicle such as an electric vehicle and a hybnd

vehicle increases as an air conditioner 1s operated.

Although Korean Patent Application Publication No.
1998-016290 discloses a wind amount automatic control
unit and a wind amount automatic control method of an air
conditioner by which a wind amount of the air conditioner
1s automatically adjusted according to a difference between
an 1nterior temperature and an exterior temperature of a
vehicle as an example of the related art, the air conditioner
1s operated regardless of a use amount of a fuel or a battery
so that consumption of the fuel or the battery increases.

Japanese Patent No. 3177806 discloses a method of
predicting a possible travel distance 1n consideration of a
residual capacity of a battery and road topology information
on a travel path, and displaying a route for minimizing
consumption of a battery and a possible travel range of the
vehicle on a navigation map as another example of the
related art.

However, the method of Japanese Patent No. 3177806
only guides a travel path for minimizing consumption of a
battery in consideration of a current battery capacity, but
substantially cannot save consumption of the battery accord-
ing to manipulation of various electric parts of the vehicle
such as an air conditioner.

SUMMARY

An object of the present invention to provide an energy
saving automatic air conditioning control system and an
energy saving automatic air conditioning control method by
which consumption of a fuel or a battery (hereinafter,
referred to as energy) can be minimized and a possible travel
distance can be improved by complexly processing data
including road environment information such as road loss
information, including altitude and ftrailic information,
vehicle information such as a current acceleration/decelera-
tion of a vehicle, and driver tendency information for
manipulation of an air conditioner such as control of an air
conditioning temperature and stages, automatically deter-
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2

mining an air conditioning control time point, and display-
ing the determined automatic manipulation and control form
on a map path of a navigation system.

In accordance with an aspect of the present invention,
there 1s provided an energy saving automatic air condition-
ing control system including: an air conditioning control
time point generating control unit for generating an air
conditioning operation profile based on vehicle state infor-
mation from vehicle controllers and travel path information
from a navigation system, and determining an air condition-
ing control value and a time point; a driving tendency
determining control unit for analyzing a driver travel ten-
dency and an air conditioning manipulation tendency as
other information for generating the air conditioning profile,
and bringing air conditioning driving tendency information
into a database; a display/voice control unit for visually
displaying for visually displaying information on an air
conditioning control value and a time point determined by
the air conditioning control time point generating control
unit on a navigation map and vocally guiding the informa-
tion at the same time; and a control result transmitting and
monitoring unit for transferring information on an air con-
ditioning control value and a time point to the air conditioner
controller, and monitoring arbitrary air conditioning
mampulation information to transmit the monitored air
conditioning manipulation information to the driving ten-
dency determining control unait.

The air conditioning control time point generating control
umt may include: a vehicle state monitoring unit for moni-
toring vehicle mformation provided from controllers of the
vehicle; a travel path information generating unit for gen-
crating travel path information based on information pro-
vided by the navigation system; an air conditioming opera-
tion profile generating unit for generating an air conditioning
operation profile representing a change 1n a temperature
value according to an operation time of the air conditioner
based on vehicle state immformation from the vehicle state
monitoring unit, travel path information from the travel path
information generating unit, and air conditioning driving
tendency information from the driving tendency determin-
ing control unit; and an air conditioning control value/time
point determining unit for mapping an air conditioning
operation profile to an energy consumption according to a
change 1n a travel path, and determining an air conditioning
operation parameter value and a maintenance time for
control of switching on and ofl of an air conditioner, control
of blow stages, and control of selection of an air condition-
ing operation.

The driving tendency determining control unit may
include: a rule database storing unit for converting dynamic
input information including vehicle travel information and
air conditioning manipulation imnformation to a rule set for
learning and storing the rule set 1n a table; a learming factor
calculating unit for calculating learning factor data repre-
senting learned dynamic input information by using a rep-
resentative extraction rule on repeated driving information
and air conditioning maintenance/change section informa-
tion, among dynamic input information stored in the rule
database storing unit; a learning driver tendency generating
umit for normalizing dynamic input imformation of the
learning factor data according to static mput information
representing road mnformation data and calculating finally
modified mnformation through a step of identifying a change
of learning data, a step of identilying deviation from a
learning data range, and a step of giving a frequently
adopted road type learning value added value; and a driving
tendency database constructing unit for constructing a driv-
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ing tendency for roads, times, and distances by extracting
driving tendency parameters from finally modified informa-
tion, and constructing a table for conversion of energy
consumption per unit for driving tendency databases for
roads, times, and distances.

The display/voice control unit may include: a display
cycle calculating unit for calculating a display cycle based
on energy consumption change information and driving
tendency information, including the determined air condi-
tioming control value;

a visual display control unit for bringing a popup window
up at the calculated cycle and displaying automatic control
on/ofl and automatic control section information of the air
conditioner on the navigation map; and a vocal guide unit for
vocally informing the visually displayed information.

The control result transmitting and monitoring unit may
include: an automatic control result transmitting unit for
transferring information on the air conditioning control
value and the time point to an air conditioning controller; a
driver air conditioning operation result reflecting unit for
monitoring driver air conditioning operation information;
and a drniver tendency information updating unit for trans-
mitting periodic information from the driver air conditioning,
operation result reflecting unit.

In accordance with another aspect of the present inven-
tion, there 1s provided an energy saving automatic air
conditioning control method including: an air conditioning
control time point generating control step of generating an
air conditioning operation profile to determine an air con-
ditioning control value and a time point based on vehicle
state information and travel path information; a driving
tendency determining control step of analyzing driver travel
tendency and air conditioning operation tendency as other
information for generating the air conditioning operation
profile, and bringing driver air conditioning operation ten-
dency information into a database; a display/voice control
step of visually displaying information on the determined air
conditioning control value and the time point and vocally
guiding the information; and a control result transmitting
and momnitoring step ol transferring information on the
determined air conditioning control value and time point to
an air conditioning controller and monitoring arbitrary air
conditioning operation information at the same time.

The air conditioning control time point generating control
step may include: a vehicle state monitoring step of moni-
toring vehicle information; a travel path information gener-
ating step of generating travel path information; an air
conditioning operation profile generating step of represent-
ing a change 1n a temperature value according to an opera-
tion time of an air conditioner based on vehicle state
information, travel path information, and driver air condi-
tioming operation tendency information; and an air condi-
tioming control value and time point determining step of
mapping an air conditioning profile to consumption energy
according to a change in a travel path.

The vehicle state monitoring step may include: acquiring,
vartous ECU data of a vehicle; and classifying and format-
ting the acquired data and filtering only effective data.

The travel path information generating step may include:
a travel path mformation input step of iputting map topol-
ogy data, real time traflic information, and loss information;
a step ol mapping information for link paths linked 1n a
travel path to the mput travel path information data; a step
of calculating an energy minimization point for link paths
linked 1n a current travel path, including the current travel
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4

path; and a step of calculating an energy minimization point
for link paths within a predetermined radius deviating the
current travel path.

The air conditioning operation profile generating step may
include: a data integrating step of normalizing vehicle state
information, travel path information, and driver air condi-
tioning operation tendency information into physical units,
and listing up the normalized information according to an
accumulated time (minutes); a step of calculating a current
available energy of a vehicle; a step of calculating driving
tendency adjusting energy retlecting driver air conditioning
operation tendency information; a step ol converting path
costs according to a change 1n a travel distance of a travel
path 1into an energy unit (kW/h) by reflecting current avail-
able energy and driving tendency adjusting energy; and a
step ol generating an air conditioning operation profile
representing a change 1n a temperature value according an
operation time of an air conditioner from a change in energy
for a travel distance.

The air conditioning control value and time point deter-
mining step may include: a step of mapping an air condi-
tioning operation profile to consumption energy according to
a change 1n a travel path; and a step of determining an air
conditioning control time point according to the mapped
data, and determining an air conditioning operation params-
cter value and a maintenance time for an air conditioner
on/off control, a control of a blow stage, and a control of
selection of an operation of front and rear air conditioner.

The dnving tendency determining control step may
include: a rule database storing step of converting dynamic
input iformation including vehicle travel information and
air conditioning manipulation imnformation to a rule set for
learning and storing the rule set 1n a table; a learming factor
calculating step of calculating learning factor data repre-
senting learned dynamic input information by using a rep-
resentative extraction rule on repeated driving information
and air conditioning maintenance/change section informa-
tion, among dynamic input information stored in the rule
database storing unit; a learning driver tendency generating
step of normalizing dynamic input information of the learn-
ing factor data according to static input information repre-
senting road mformation data and calculating finally modi-
fied information through a step of identifying a change of
learning data, a step of identitying deviation from a learning
data range, and a step of giving a frequently adopted road
type learning value added value; and a driving tendency
database constructing step of constructing a driving ten-
dency for roads, times, and distances by extracting driving
tendency parameters from finally modified information, and
constructing a table for conversion of energy consumption
per umt for driving tendency databases for roads, times, and
distances.

The learned driver tendency generating step may include:
a step ol normalizing dynamic input information of the
learning factor data according to static mput information
representing road imnformation data and identitying a change
of data according to an addition and a deletion of the learned
data; a learning data range deviation identitying step of
checking and initializing static input information at a point
where there 1s a possibility of generating deviation of a
learning data range; and calculating finally modified infor-
mation through a step of providing an added value to a
frequently adopted road type learning value.

The display/voice control step may include: a display
cycle calculating step of calculating a display cycle based on
energy consumption change information and driving ten-
dency information, including the determined air condition-
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ing control value; a visual display control step of bringing a
popup window up at the calculated cycle and displaying

automatic control on/ofl and automatic control section infor-
mation of the air conditioner on the navigation map; and a
vocal guide step of vocally informing the visually displayed
information.

The control result transmitting and monitoring step may
include: an automatic control result transmitting step of
transferring information on the air conditioning control
value and the time point to an air conditioning controller; a
driver air conditioning operation result reflecting step of
monitoring driver air conditioning operation information;
and a driver tendency mformation updating step of trans-
mitting periodic information from the driver air conditioning,
operation result reflecting unit.

The present invention provides the following eflects.

First, road information by which a consumption of vehicle
energy (gasoline fuel, and a battery of hybrnid and electric
vehicles) can be mimimized can be generated, and a possible
travel distance can be increased by mimmizing energy
consumption according to an operation of an air conditioner
during a travel of the vehicle.

Second, an air conditioning range, an air conditioning
control target (control of a blow stage and control of
selection of operations of front and rear seats), an air
conditioning control time point, and a maintenance time can
be determined 1n a range in which a drniver does not feel
uncomiortable to a temperature change even when an opera-
tion of the air conditioner 1s controlled within a minimum
energy consumption range.

Third, an eco-iriendly operation can be deduced posi-
tively by guiding air conditioning control related informa-
tion visually and vocally through a navigation screen to a
driver.

Ultimately, consumption of energy can be minimized and
a comiortable interior operation environment can be pro-
vided while a travel distance can be increased through the
system and method according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
drawings which are given hereinafter by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1 1s a diagram of an energy saving automatic air
conditioning system according to an embodiment of the
present mvention;

FIG. 2 a control flow diagram showing an energy saving,
automatic air conditioning control method according to an
embodiment of the present ivention;

FIG. 3 1s a flow chart showing a functional operation of
a vehicle state monitoring unit of an air conditioning control
time point generation control unit for the energy saving
automatic air conditioning control system and method
according to the embodiments of the present invention;

FIG. 4 1s a flow chart showing an operation of a travel
path mformation generating unit of the air conditioning
control time point generation control unit for the energy
saving automatic air conditioning control system and
method according to the embodiments of the present inven-
tion;

FI1G. 5 15 a flow chart showing functional operations of an
air conditioming operation profiling generating umt and an
air conditioning control value/time point determining unit of
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the air conditioning control time point generation control
unit for the energy saving automatic air conditioning control

system and method according to the embodiments of the
present 1nvention;

FIG. 6 1s a flowchart showing an operation of a driving
tendency determining control unit for the energy saving
automatic air conditioning control system and method
according to the embodiments of the present invention;

FIG. 7 1s a flowchart showing an operation of a display/
voice control unit for the energy saving automatic air
conditioning control system and method according to the
embodiments of the present invention;

FIG. 8 1s a flowchart showing transmission of a control
result and an operation of the monitoring unit for the energy
saving automatic air conditioning control system and
method according to the embodiments of the present inven-
tion; and

FIG. 9 1s a view showing a principle of generating an air
conditioning operation profile 1 the energy saving auto-
matic air conditioning control system and method according
to the embodiments of the present invention.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various preferred features illustrative of the
basic principles of the invention. The specific design fea-
tures of the present invention as disclosed herein, including,
for example, specific dimensions, orientations, locations,
and shapes will be determined 1n part by the particular
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Heremaiter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

It 1s understood that the term *““vehicle” or “vehicular” or
other similar term as used herein 1s inclusive of motor
vehicles 1n general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercrait including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
clectric vehicles, plug-in hybnd electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle 1s a vehicle that has two
or more sources ol power, for example both gasoline-
powered and electric-powered vehicles.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are mtended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises™ and/or
“comprising,” when used 1n this specification, specity the
presence of stated features, integers, steps, operations, ¢le-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, 1tegers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combi-
nations ol one or more of the associated listed items.

Further, the control logic of the present invention may be
embodied as non-transitory computer readable media on a
computer readable medium containing executable program
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istructions executed by a processor, controller or the like.
Examples of computer readable media include, but are not
limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable medium can
also be distributed in network coupled computer systems so
that the computer readable media 1s stored and executed in
a distributed fashion, e.g., by a telematics server or a
Controller Area Network (CAN).

The present invention provides an automatic air condi-
tioming control system and an automatic air conditioning,
control method by which, in order to minimize energy
consumption in consideration of much energy consumption
according to an operation of an air conditioner, a consump-
tion of energy (e.g., a battery and a fuel) can be minimized
in consideration of a real time driving environment change,
by predicting a time point for minimizing energy oi the
vehicle by using current location and path information (road
information) of the vehicle when a navigation path 1is
selected or not selected, calculating an air conditioning
operation profile reflecting a vehicle state (an 1nterior tem-
perature and a travel change) and a driver tendency (a
frequency and contents of setting manipulations of the air
conditioner), and automatically controlling the air condi-
tioner by determining a travel section requiring minimiza-
tion of energy and an optimum control time point for an air
conditioning operation profile and guiding the automatic air
conditioning control contents through a navigation screen.

FIGS. 1 and 2 are a diagram and a control tlow diagram
of an energy saving automatic air conditioning control
system according to an embodiment of the present mnven-
tion.

As shown 1n FIG. 1, various vehicle controllers 50 are
connected to an air conditioning control time point gener-
ating control unit 10 and a driving tendency determining
control unit 20 to provide vehicle state mnformation to the
control units 10 and 20.

The vehicle controllers 50 provide various vehicle travel
related mformation (e.g., a pushing amount of an accelera-
tion pedal, a state of a battery, a braking operation, an air
conditioning state, and other information of electric parts) to
the air conditioning control time point generating control
unit 10 and the driving tendency determining control unit 20
through a vehicle interface (I/F).

The air conditioning control time point generating control
unit generates an air conditioning operation proiile based on
travel path information from a navigation system and air
conditioning operation tendency information from a driving
tendency determining control unit 30 in addition to vehicle
state information from the vehicle controller 50, and deter-
mines an air conditioning control value (an air conditioning,
control parameter value) and a control time point.

In particular, the air conditioning control time point
generating control unit 10 includes a vehicle state monitor-
ing unit 11 for monitoring vehicle information provided
from various controllers of the vehicle, a travel path infor-
mation generating unit 12 for generating travel path infor-
mation based on information provided by the navigation
system, an air conditioning operation proiile generating unit
13 for generating an air conditioming operation proiile, and
an air conditioning control value/time point determining unit
14 for determiming an air conditioning operation parameter
value and a maintenance time.

The vehicle state monitoring umt 11 monitors vehicle
information provided by the controllers of the vehicle, and
processes vehicle state information, for example, by filtering,
only effective data.
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The travel path information generating unit 12 generates
current travel path information based on travel path infor-
mation (e.g., calculation of 3D topological information,
generation of path imformation according to input of traflic
information, and the like) provided by the navigation sys-
tem.

The air conditioning operation profile generating unmit 13
generates an air conditioning operation profile representing
a change 1n a temperature value according to an operation
time of the air conditioner based on vehicle state information
from the vehicle state monitoring umit 11, travel path infor-
mation from the travel path information generating unit 12,
and air conditioning operation tendency information from
the operation tendency determining control unit 30.

The air conditioning control value/time point determining,
umt 14 integrates data on a current travel path and an air
conditioning operation profile and determines an optimized
air conditioning control time point.

In particular, the air conditioning control value/time point
determining unit 14 maps an air conditioming operation
profile to an energy consumption according to a change 1n a
travel path, and determines an air conditioning operation
parameter value and a maintenance time for control of
switching on and ofl of an air conditioner, control of blow
stages, and control of selection of an air conditioning
operation.

Hereinatter, an air conditioning control time point gener-
ating control step performed by the air conditioning control
time point generating control unit will be described 1n more
detail.

The air conditioning control time point generating control
step performed by the air conditioning control time point
generating control unit includes a vehicle state monitoring
step ol monitoring vehicle state information, a travel path
information generating step of generating travel path infor-
mation, an air conditioning operation proiile generating step
of representing a change 1n a temperature value according to
an operation time of an air conditioner based on the vehicle
state information, the travel path information, and driver air
conditioning operation tendency information, and an air
conditioning control value/time point determining step of
mapping the air conditioning operation profile to consump-
tion energy according to a change 1n a travel path and
determining an air conditioning operation parameter value
and a maintenance time.

As shown 1n FIG. 3, the vehicle state monitoring step 1s
performed by acquiring data periodically transmitted from
various ECUs of a vehicle, that 1s, various vehicle travel
related information data (e.g., a pushing amount of an
acceleration pedal, a state of a battery, a braking operation,
an air conditioning operation state, and other information of
clectric parts), classitying and formatting the acquired data,
and filtering only eflective data.

In particular, vehicle dnving data periodically transmatted
from various ECUs are acquired and the acquired data are
classified and formatted, in which case the data are classified
and formatted in the order of air conditioning information,
a vehicle speed, a braking operation, and a gear shift, the
formatted data are periodically filtered, and only effective
data for generating an air conditioning control time point are
extracted.

Then, the travel path information generating step for
generating travel path information i1s performed together
with the vehicle state monitoring step.

As shown 1 FIG. 4, after a travel path information 1mnput
step of mputting real time traflic mmformation and loss
information (for example, a loss of a road) including map
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topological data of a navigation system, information for link
paths linked to the travel path 1s mapped to the input travel
path information data.

In particular, in order to reflect both a case 1n which a
navigation path 1s selected and a case 1n which a navigation
path 1s not selected, information for link paths linked to the
travel path (e.g., information that 1s not selected as a travel
path of the navigation system) 1s mapped to mput travel path
information data (e.g., information in which a travel path of
the navigation system 1s selected).

Accordingly, when the current travel path information
data correspond to information 1n which a travel path of the
navigation system 1s selected, a step of calculating a current
travel path and an energy minimization point during an
operation of the air conditioner for link paths directly linked
to the corresponding travel path 1s carried out.

Even when the current travel path information 1s path
information which has not been selected as a travel path of
the navigation system, a step of calculating an energy
mimmization point during an air conditioning operation for
information on a travel path deviating from the current travel
path (e.g., a link path within a predetermined radius from the
current travel path) 1s carried out.

Then, the method of calculating the energy minimization
point 1s performed by calculating energy costs according to
existence of a travel path (e.g., selection of a travel path of
the navigation system) as in Equation 1, determining an
energy minimization point, adding energy costs according to
the path when a travel path 1s selected, and adding energy
costs for a combination of links within a predetermined
radius range (R) from the current vehicle location when a
travel path 1s not selected.

Total costs[Csum|=Link costs[Clink]+Node costs

[Cnode]+Other additional costs[Cetec] Equation 1

For reference, energy costs consumed for travel paths
during an operation of the air conditioner may be brought
into a database via a large number of travel tests.

Next, as shown 1n FIG. 5, among the air conditioning
control time point generating control step, the air condition-
ing operation profile generating step and the air conditioning
control value/time point determining step are sequentially
performed.

In the air conditioning operation profile generating step,
an air conditioning operation profile representing a change
in a temperature value according to an operation time of the
air conditioner 1s generated based on vehicle state informa-
tion, travel path mmformation, and driver air conditioning,
operation tendency information.

In order to generate the air conditioning operation profile,
alter vehicle state information, travel path information, and
driver air conditioming operation tendency information are
normalized 1nto a physical unit, the data integrating step of
listing up the normalized information according to an accu-
mulated time (minutes) 1s performed first.

Subsequently, a step of calculating current available
energy (kW/h) of the vehicle, and calculating driving ten-
dency adjusting energy which reflects driver air conditioning
operation tendency information by which the current avail-
able energy 1s adjusted 1s performed.

Thereafter, path costs according to a change 1n a travel
distance of a travel path 1s converted in unit of energy
(kW/h), reflecting the current available energy and the
driving tendency adjusting energy, and energy changes for
the converted travel distances are converted into an air
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conditioning operation profile which represents a tempera-
ture change according to an operation time of the air
conditioner.

Next, in the air conditioning control time point generating
control step, a step of mapping an air conditioning operation
profile to consumption energy according to a change 1n a
travel path and determining an air conditioning parameter
value and a maintenance time 1s performed as an air con-
ditioning control value/time point determining step after the
air conditioning operation profile 1s generated.

In more detail, 1n the air conditioning control value/time
point determining step, an air operation profile 1s mapped to
consumption energy according to a change 1n a travel path,
an air conditioning control time point 1s determined accord-
ing to the mapped data, and an air conditioning operation
parameter value and a maintenance value for control of
switching on/off of the air conditioner, control of blow
stages, and control of selection of an operation of air
conditioners for front and rear seats are determined.

Hereinaftter, the driving tendency determining control unit
for providing driver tendency information and an operation
thereol 1n the air conditioning control time point generating
step will be described with reference to FIG. 6.

The driving tendency determining control unit 20 func-
tions to analyze a driver travel tendency and an air condi-
tioning mampulation tendency as other information for
generating an air conditioning operation profile to bring the
air conditionming operation tendency information 1nto a data-
base and provide air conditioning operation tendency infor-
mation of the driver to the air conditioning control time point
generating control unit.

In particular, as shown 1n FIG. 6, the driving tendency
determining control unit 20 includes a database storing unit
21, a learnming factor calculating unit 22 for calculating
learning factor data by using an attribute based inference
technique, a learning driver tendency generating unit 23 for
normalizing dynamic input mnformation of the learming fac-
tor data according to static input information representing
road information data and calculating finally modified infor-
mation, and a driving tendency database constructing unit 24
for constructing a table for conversion of energy consump-
tion for roads, times, and distances.

First, 1n order to obtain driving tendency determining
information, a rule database storing unit 21 converts
dynamic mput imformation including vehicle travel infor-
mation and air conditioning manipulation information to a
rule set for learning and stores the converted rule set i a
table.

In particular, an attribute generalized table 1s configured
by eliminating an abnormal value and a missing value for the
dynamic input information (for example, eliminating an
abnormal acceleration/deceleration during a constant speed
travel) and converting the dynamic iput mformation to a
rule set for learning through attribute generalization.

Thereatter, the learning factor calculating unit 22 calcu-
lates the learned dynamic input information including,
among the dynamic input information stored in the rule
database storing unit 21, repeated operation information,
predetermined section information for maintenance and
changing of air conditioning by using a representative
extraction rule.

Next, after normalizing the dynamic mput information of
the learning factor data according to static mnput information
representing road information data, the learming driver ten-
dency generating unit 23 performs a step of calculating
finally modified information through a step of 1identifying a
change of learming data, a step of 1dentitying deviation of a
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learning data range, and a step of providing a road type
learning value added value which 1s frequently adopted.

In particular, after normalizing the dynamic mput nfor-
mation of the learming factor data according to static input
information representing road information data, the learning
driver tendency generating unit 23 performs a step of
identifying a change of data due to addition and deletion of
the learned data, such as addition and deletion of the learned
data, at a point where 1t 1s necessary to change driving
learning guide, a learming data range deviation i1dentifying
step of checking and iitializing static input information at
a point where deviation from a learning data range may be
generated, and a step of calculating finally modified infor-
mation through a step of providing a road type learning
value added value which 1s frequently adopted.

Next, the driving tendency database constructing unit 24
constructs driving tendencies for roads, times, and distances
in a database by extracting a driving tendency parameter
from finally modified information, and constructs a table for
energy consumption conversion per unit for driving ten-
dency databases for roads, times, and distances.

In particular, the driving tendency database constructing,
unit 24 constructs a driving tendency for roads, times, and
distances 1n a database through a step of classitying a driving
tendency into n parameters (for example, type A=al +ad+c2,
type B=a2+c2) such that physical values according to the
driving tendency may be adjusted based on the driving
tendency parameters and the consumption predicted energy
generating rule, and a step of arranging the n parameters
such that the n parameters may be mapped and freely
combined according to the accumulated road types, times,
and travel distances.

In this case, the n parameters are generated when the
driving tendency database DB 1s constructed while an output
value 1s taken as an input parameter value, and the input
parameter value, and the mput parameter value 1s averaged
by repeating calculations n times by using acceleration/
deceleration, air conditioning maintenance time, and an air
conditioning attribute, which step may be referred to as
normalization or scale mapping.

After constructing driving tendencies for roads, times, and
distances 1n a database, the driving tendency determining
control unit 20 constructs a table for performing energy
consumption conversion per unit for driving tendency data-
bases, that 1s, roads, times, and distances, and provides the
table to the air conditioning control time point generating
control unit as other information for generating an air
conditioning operation profiile.

Meanwhile, the energy saving automatic air conditioning,
control system according to the embodiment of the present
invention includes a display/voice control unit 30 for visu-
ally displaying information on an air conditioning control
value and a time point determined by the air conditioning,
control time point generating control unit 10 on a navigation
map and vocally guiding the information at the same time.

As shown m FIG. 7, the display/voice control unit 30
includes a display cycle calculating unit 31 for calculating a
display cycle based on energy consumption change infor-
mation and drniver tendency information during an air con-
ditioning operation, including an air conditioning control
value determined by the air conditioning control time point
generating control unit 10 and information on an air condi-
tioming control time point, a visual display control unit 32
for bringing a popup window up at a cycle calculated under
the control of a head unit (e.g., an upper level controller of
an AVN system) and displaying automatic control on/ofl and
automatic control section information of the air conditioner
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on the navigation map, and a vocal guide unit 33 for vocally
informing the visually displayed information.

First, the display cycle calculating unit 31 calculates a
display cycle based on energy consumption change infor-
mation and drniving tendency information, including infor-
mation on an air conditioning control value and a time point
determined by the air conditioning control time point gen-
erating control unit 10, and periodically monitors a driving
speed and an energy (e.g., a battery and an internal com-
bustion engine fuel) consumption change when the display
cycle 1s calculated and periodically monitors driving ten-
dency information.

Thereatter, the visual display control unit 32 allows the
driver to visually recognize air conditioner related control
information by bringing a popup window at the calculated
cycle and displaying automatic control on/oil and automatic
control section information of the air conditioner on the
navigation map.

Then, a vocal guide step of vocally informing the same
information when the air conditioner related control infor-
mation 1s visually displayed, by the vocal guide unit 1s
performed at the same time, so that the dniver may audibly
recognize the air conditioner related control mformation.

Preferably, the air conditioner related control information
displayed on the navigation screen 1s air conditioning auto-
matic control requiring section and control target informa-
tion during a travel path of the map, and for example, may
include a start/end of a control, an air conditioner on/off
control, a blow stage control, a front and rear seat air
conditioner operation selection control, and a control main-
tenance time. Of course, an on/ofl setting screen for a series
of automatic control on/ofl manipulations may be displayed.

Meanwhile, the energy saving automatic air conditioning,
control system according to the embodiment of the present
invention includes a control result transmitting and moni-
toring unit 40 for transferring mformation on an air condi-
tioning control value and a time point determined by the air
conditioning control time point generating control unit 10
and monitoring arbitrary air conditioning manipulation
information to transmit the monitored air conditioning
mamipulation information to the driving tendency determin-
ing control unit 20.

As shown 1n FIG. 8, the control result transmitting and
monitoring unit 40 includes an automatic control result
transmitting unit 41 for transferring information on an air
conditioning control value and a time point to the air
conditioning controller, a driver air conditioning manipula-
tion result reflecting umt 42 for monitoring driver air con-
ditioning manipulation imnformation, and a driver tendency
information updating unit 43 for transmitting periodic infor-
mation from the driver air conditioning manipulation result
reflecting unit to the driving tendency determining control
unit.

First, the automatic control result transmitting unit 41
transfers the information on an air conditioning control
value and a time point determined by the air conditioning
control time point generating control unit 10 so that the air
conditioning controller controls air conditioning, 1n which
case the air conditioning control 1s performed according to
the information transierred to the air conditioning controller
(for example, a start/end of a control, an air conditioner
on/oil control, a blow stage control, a front/rear seat air
conditioner operation selecting control, and a control main-
tenance time).

Then, the driver air conditioning mampulation result
reflecting unit 42 monitors driver air conditioning manipu-
lation information as periodic information, and stores a
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result arbitrarily manipulated by the driver, that 1s, arbitrary
manual manipulation contents 1n addition to automatic con-
trol information and transmits the result to the driver ten-
dency information updating unit 43.

Accordingly, the driver tendency information updating
unit 43 transmits mnformation from the driver air condition-
ing manipulation result reflecting unit 42 to the drniving
tendency determining control unit so that driver tendency
information may be updated.

FIG. 9 1s a view showing a principle of generating an air
conditioning operation profile 1n the energy saving auto-
matic air conditioning control system and method according,
to the embodiments of the present invention.

As shown 1 FIG. 9, an air conditioning operation profile
representing a change 1n a temperature value according to an
air conditioner operation time may be generated based on a
vehicle consumption energy profile, vehicle state informa-
tion, and a path travel condition profile of the navigation
system so that the air conditioner may be automatically
controlled by determining an optimum control time point for
a travel section requiring minimization of energy and an air
conditioning operation profiile.

A consumption of energy (e.g., a battery and a fuel)
considering a real time operation environment change can be
mimmized through a method of switching off the air con-
ditioner 1n a normal temperature maintaining section (e.g., a
constant speed travel and a tlat ground), that 1s, 1n a section
in which a temperature of the vehicle may be maintained for
a predetermined period, and repeating switching on/off of
the air conditioner 1n a normal temperature non-maintenance
section (deterioration of an environment of a road, a traflic
congestion, and an abrupt acceleration predicted time point),
that 1s, 1n a section 1n which air conditioning 1s required to
be controlled while a temperature change of the vehicle 1s
mimmized.

The invention has been described in detail with reference
to preferred embodiments thereof. However, 1t will be
appreciated by those skilled 1in the art that changes may be
made 1n these embodiments without departing from the
principles and spirit of the invention, the scope of which 1s
defined 1n the appended claims and their equivalents.

What 1s claimed 1s:

1. An energy saving automatic air conditioning control
system, comprising: an air conditioning control time point
generating control unit for generating an air conditioning
operation proifile based on vehicle state information from
vehicle controllers and travel path information from a navi-
gation system, and determining an air conditioning control
value and a time point; a driving tendency determiming,
control unit for analyzing a driver travel tendency and an air
conditioning manipulation tendency as other information for
generating the air conditioning profile, and bringing air
conditioning driving tendency information into a database; a
display/voice control unit for visually displaying for visually
displaying information on the air conditioning control value
and the time point determined by the air conditioning control
time point generating control unit on a navigation map and
vocally guiding the information at the same time; and a
control result transmitting and monitoring unit for transier-
ring the information on the air conditioming control value
and the time point to the air conditioner controller, and
monitoring arbitrary air conditioning manipulation informa-
tion to transmit the monitored air conditioning manipulation
information to the drniving tendency determining control
unit, wherein the air conditioming control time point gener-
ating control unit comprises; a vehicle state monitoring unit
for monitoring vehicle mformation provided from control-
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lers of the vehicle; a travel path information generating unit
for generating travel path information based on information
provided by the navigation system; an air conditionming
operation profile generating unit for generating an air con-
ditioning operation profile representing a change 1n a tem-
perature value according to an operation time of the air
conditioner based on vehicle state information from the
vehicle state monitoring unit, travel path information from
the travel path information generating unit, and air condi-
tioning driving tendency information from the driving ten-
dency determining control unit; and an air conditioning
control value/time point determining unit for mapping an air
conditioning operation profile to an energy consumption
according to a change 1n a travel path, and determining an
air conditioning operation parameter value and a mainte-
nance time for control of switching on and off of an air
conditioner, control of blow stages, and control of selection
of an air conditioning operation.

2. The energy saving automatic air conditioning control
system of claim 1, wherein the driving tendency determining,
control unit comprises:

a rule database storing unit for converting dynamic input
information including vehicle travel information and
air conditioming mampulation information to a rule set
for learning and storing the rule set in a table;

a learming factor calculating unit for calculating learning
factor data representing learned dynamic input infor-
mation by using a representative extraction rule on
repeated driving information and air conditioming
maintenance/change section information, among
dynamic input information stored in the rule database
storing unit;

a learning driver tendency generating unit for normalizing
dynamic mput mformation of the learning factor data
according to static input information representing road
information data and calculating finally modified infor-
mation through a step of identifying a change of
learning data, a step of i1dentifying deviation from a
learning data range, and a step of giving a frequently
adopted road type learning value added value; and

a dnving tendency database constructing umit for con-
structing a driving tendency for roads, times, and
distances by extracting driving tendency parameters
from finally modified information, and constructing a
table for conversion of energy consumption per unit for
driving tendency databases for roads, times, and dis-
tances.

3. The energy saving automatic air conditioning control
system ol claim 1, wherein the display/voice control unit
COmprises:

a display cycle calculating unit for calculating a display
cycle based on energy consumption change informa-
tion and driving tendency information, including the
determined air conditioning control value;

a visual display control unit for bringing a popup window
up at the calculated cycle and displaying automatic
control on/off and automatic control section 1informa-
tion of the air conditioner on the navigation map; and

a vocal guide unmit for vocally mmforming the wvisually
displayed information.

4. The energy saving automatic air conditioning control
system of claim 1, wherein the control result transmitting
and monitoring unit comprises:

an automatic control result transmitting unit for transfer-
ring information on the air conditioning control value
and the time point to an air conditioming controller;
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a driver air conditioning operation result reflecting unit
for monitoring driver air conditioning operation infor-
mation; and

a driver tendency information updating unit for transmit-
ting periodic information from the driver air condition-
ing operation result reflecting unit.

5. An energy saving automatic air conditioning control
method, comprising: an air conditioning control time point
generating control step ol generating an air conditioning
operation profile to determine an air conditioning control
value and a time point based on vehicle state information
and travel path information; a driving tendency determining
control step of analyzing driver travel tendency and air
conditioning operation tendency as other mmformation for
generating the air conditioning operation profile, and bang-
ing driver air conditioning operation tendency information
into a database; a display/voice control step of visually
displaying information on the determined air conditioning
control value and the time point and vocally guiding the
information; and a control result transmitting and monitor-
ing step of transferring information on the determined air
conditioning control value and time point to an air condi-
tioming controller and monitoring arbitrary air conditioning,
operation information at the same time, wherein the air
conditioning control time point generating control step com-
prises: a vehicle state monitoring step of monitoring vehicle
information; a travel path information generating step of
generating travel path information; an air conditioning
operation profile generating step of representing a change 1n
a temperature value according to an operation time of an air
conditioner based on vehicle state information, travel path
information, and driver air conditioning operation tendency
information; and an air conditioning control value and time
point determining step ol mapping an air conditioming,
profile to consumption energy according to a change 1n a
travel path.

6. The energy saving automatic air conditioning control
method of claim 5, wherein the vehicle state monitoring step
COmMprises:

acquiring various ECU data of a vehicle; and

classitying and formatting the acquired data and filtering,
only eflective data.

7. The energy saving automatic air conditioning control
method of claim 5, wherein the travel path information
generating step comprises:

a travel path information input step ol inputting map
topology data, real time traflic information, and loss
information;

a step of mapping information for link paths linked 1n a
travel path to the mput travel path information data;

a step of calculating an energy minimization point for link
paths linked 1n a current travel path, including the
current travel path; and

a step of calculating an energy minimization point for link
paths within a predetermined radius deviating the cur-
rent travel path.

8. The energy saving automatic air conditioning control
method of claim 5, wherein the air conditioning operation
profile generating step comprises:

a data mtegrating step of normalizing vehicle state infor-
mation, travel path information, and driver air condi-
tioning operation tendency information into physical
units, and listing up the normalized information accord-
ing to an accumulated time (minutes);

a step of calculating a current available energy of a
vehicle:
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a step of calculating driving tendency adjusting energy
reflecting driver air conditioning operation tendency
information;

a step of converting path costs according to a change 1n a
travel distance of a travel path into an energy umit
(kW/h) by reflecting current available energy and driv-
ing tendency adjusting energy; and

a step ol generating an air conditioming operation profile
representing a change 1n a temperature value according
an operation time of an air conditioner from a change
in energy for a travel distance.

9. The energy saving automatic air conditioning control
method of claim 5, wherein the air conditioning control
value and time point determining step comprises:

a step of mapping an air conditioning operation profile to
consumption energy according to a change in a travel
path; and

a step of determining an air conditioning control time
point according to the mapped data, and determining an
air conditioning operation parameter value and a main-
tenance time for an air conditioner on/ofl control, a
control of a blow stage, and a control of selection of an
operation of front and rear air conditioner.

10. The energy saving automatic air conditioning control
method of claim 5, wherein the driving tendency determin-
ing control step comprises:

a rule database storing step of converting dynamic input
information including vehicle travel information and
air conditioning manipulation information to a rule set
for learning and storing the rule set 1n a table;

a learning factor calculating step of calculating learning
factor data representing learned dynamic mput infor-
mation by using a representative extraction rule on
repeated driving information and air conditioming
maintenance/change section information, among
dynamic input information stored in the rule database
storing unit;

a learming driver tendency generating step of normalizing
dynamic mput mformation of the learning factor data
according to static mnput information representing road
information data and calculating finally modified infor-
mation through a step of identifying a change of
learning data, a step of identifying deviation from a
learning data range, and a step of giving a frequently
adopted road type learning value added value; and

a driving tendency database constructing step ol con-
structing a driving tendency for roads, times, and
distances by extracting drniving tendency parameters
from finally modified information, and constructing a
table for conversion of energy consumption per unit for
driving tendency databases for roads, times, and dis-
tances.

11. The energy saving automatic air conditionming control
method of claim 10, wherein the learned driver tendency
generating step comprises:

a step ol normalizing dynamic input information of the
learning factor data according to static mput informa-
tion representing road information data and 1dentifying
a change of data according to an addition and a deletion
of the learned data;

a learning data range deviation 1dentifying step of check-
ing and mitializing static input information at a point
where there 1s a possibility of generating deviation of a
learning data range; and

calculating finally modified information through a step of
providing an added value to a frequently adopted road
type learming value.
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12. The energy saving automatic air conditioning control
method of claim 5, wherein the display/voice control step
COmMprises:

a display cycle calculating step of calculating a display
cycle based on energy consumption change informa- 5
tion and driving tendency information, including the
determined air conditioning control value;

a visual display control step of bringing a popup window
up at the calculated cycle and displaying automatic
control on/off and automatic control section mforma- 10
tion of the air conditioner on the navigation map; and

a vocal guide step of vocally informing the visually
displayed information.

13. The energy saving automatic air conditioning control
method of claim 5, wherein the control result transmitting 15
and monitoring step comprises:

an automatic control result transmitting step of transier-
ring information on the air conditioning control value
and the time point to an air conditioning controller;

a driver air conditioning operation result reflecting step of 20
monitoring driver air conditioning operation informa-
tion; and

a driver tendency information updating step of transmit-
ting periodic information from the driver air condition-
ing operation result reflecting unit. 25
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